[Mna3moBun hokyc

1. PisHi moaudikauii nnasamoBoro cdokycy (MP)

2. OcobnumBOCTiI opraHisaLii enekKTpU4YHOro po3psaay y cmcreMmax njaasmoBoro ¢okycy
2.1. Bumorn go eHepreTuku.
2.2. OcobnumBOCTiI rasoHanycky.
2.3. XapakTepucTtuku po3spsaay y cucrtemax MNao.

3. XapakTepuUCTUKN eneKkTpoMarHiTHoro BunpomiHoBaHHa MNP

4. 3aKOHU NoAiOGHOCTI ANnA IHTEHCUBHOCTI HEUTPOHHOro BUNpPOMiHOBaHHA P

5. YacoBi Ta NpoCTOpPOBi XapaKTePUCTUKU NOTOKIB LUBUAKUX iOHIB Ta €JIEKTPOHIB, LU0
reHepyrThbcsa B cuctemax Mao.

6. [lesiki TeXHONOriYHi 3aCTOCYyBaHHA
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CniBBigHOWEeHHA beHHeTTa

Prn~ Pumarm = B?/8x.

B8 = 2nkT.
B = 2J/cr J2 = 4c2kKNT

N - 4MCOo YaCTMHOK B NEPETUHI MiHYa
N = nurén

T = 108 K, moxHa docsiamu npu 1-10 MA

Vp=V(p.+pi) =jxB

Ctpywm [Miza-bpariHceKoro, ana gentepiesoro niHva 1.5 MA
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D+ T — “He (3,5 MeV) + n (14,1 MeV)

D+D—T(1,01 MeV) +p (3,02 MeV) (50 %)
—3He (0,82 MeV)+ n (2,45 MeV) (50 %)

D + 3He — “He (3,6 MeV) + p (14,7 MeV)



[TnasmeHHbIN Pokyc (DPF-dense plasma focus)
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Figure 1.1. left: Filippov design;
above: Mather design.



DPF usually operates with deuterium or deuterium-
tritium mixture as a working gas

- densities in plasma streams N =102 cm’>
- velocities of plasma streams v =5.10"cm/s
- efficiency of plasma streams k =10%

- power flux density P=10" MW/m 2
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Visible frames - exposure time 1 ns, window 589 nm

10 cm

anode

a-d implosion 2x10°m/s

e minimum radius t=0

c-g intense light - dense

plasma, dense spherical
1 structure

e) Ons 7 f) 10 ns g) 30 ns h) 50 ns g-p instabilities

] = j-m second pinch

m-n second explosion
m-p second dense structure

i) 90 ns ) 100 ns k) 120 ns ) 130 ns
m) 130 ns ) 140 ns 0) 160 ns ) 170 ns

Ll,mnl/al,queCKMM LLHYp, paBHOBeCKE (EeHHeT),MF}J, (Panen-Tewnnop), obpbiB
Toka u paspblB TI10O, pocT conpoTuenenus, Nn. [inoa,B3pbiBoobpasHoe
BbICBODOXOEHNE 3HEPTNUU-YCKOPEHME 3-HOB U MoHOB Ao MaB



Tok paspsana
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Imaging the plasmoid, shot
01241103

_Abave, plosmoid in relotion

to FoFu-1 electrodes. Atright, close-
up on plosmoid with scole bor.

Record 30 um resolution

Close-up of the plasmoid with scale
bar.

Plasmoid in relation
to FF-1 electrodes.
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Figure 5.4. Time correlation
{z3ns) of diagnostic signals obtained d
ina plasma Focus experz'menr]04 *
from top 10 botiom with detector

specified: " TTTTTTTT TN T
(S Mechoms ) }\
opposite of discharge current time
derivative (magnetic loop) SOFT E-MATS
(+-Sha¥)
infrared plasma emission at A = 5 um
(cryogenic Cu:Ge detector)
HARS XAAYS

soft X-ray emission in the 1-5 keV (> XkY)

energy band (PIN diode)
hard X-ray emission with photon
i TAN. SUSPECTED DUE TO
energy above 30 keV (PIN diode) - ROON RETUR® AN
_ FOOERATION 1N LEAD
neulron emission (NE102 scintillator
and phowmultplier)
scattered CQO, (10.6 um) laser light m %y A
_ LASER Uit
(cryogenic Cu:Ge detector) ,
TRANSVERSE W
Nedls LASER
He-Ne laser beamn deflection signal TRuSEDOM | 000 IJ ______________
(PIN diode) NS I W S SN S M SO

TIME (50 NS/DIV)—

MaArkumn PeHTreH: NuHY-nnasMmeHHas MULWeHb C KOTOPOW B3anMMo/. MOTOKM YacTul
KecTknm PeHTreH: B3anmop. yCKOpPEeHHbIX 3N1eKTPOHOB C aHO4OM.



Korga npoucxogut obpbIB TOKa, TO CKOPOCTb 3NIEKTPOHOB AocTuraet ~10° cm/c, BMeCTo
SNIeKTPMY. TOKa Yyepes NMHY MOET YCKOPEHHbIN MOTOK 3fIEKTPOHOB, K-pbii CaMOdIOKyCcupyeTcd
BHYTPU nrfiasmbl NMH4Ya. B dookanbHOM 30He BONMM3M aHoda OH UCMLITbIBAET aHOMallbHOe
nornoLleHne, nopoXaas MOLLHYK yOapHYHO BOJHY, K-pas, Npoxoasa Yyepes nuHY, Harpesaet
ero go temn-pbl ~(2 - 3) x 107 K (2 - 3 kaB) 1 4aéT MOLLHY0 BCMbILLKY HENTPOHHOIO
N3Ny4YeHus.

NP 9612, Yy = $.2010%0 Nr. 9606, Yy = O

Figure 5.2. Sireak pictures taken for a “good” and a “poor” discharge (500 kJ, 80 kV, 600 Pa
D .. insulator material AI,Oj).gM |



- fast e-beam: E=0.02...1.0 MeV
P=10" MW/m 2
k =10%
- fast 1on beam (D or T): E=0.02..10.0 MeV
P =10* MW/m?
K=10%
- soft X-Rays (1...10 keV) P =10° MW/m °
k=10%
- hard X-rays (0.02...1.0 MeV) P =10" MW/m 2
k = 1%
- neutrons (2.5, 14.0 MeV) 10*...10™ neutr/pulse
k=0.1%
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Figure 9.1. Angular disiribution of deuterons emitied from a
single 28 kJ plasma Focus di:charge] #q performed at p, = 6.7
mbar Dy, Y= 5 5210°.
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Scaling
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Peak current — A
Legend 4 I 2 E
AJ Aerojet MNucleonics. 250 kJ, 20 kV, 320 uF. \{' O(: I CX:
Da Darmstadt. 0.34 - 1.35 kJ; ]0 - 20 kV. n
H Hoboken. Electrode structure is identical to
that of Darmstadt group. 2
H' Hoboken. About 5 kJ. Yn CX: E
AE Aerospace Corporation.
J Julich. 25 kJ; 40 kV.
Li Limeil. 96 kJ, 40 kV.
Li' Limeil. Plasma focus driven by expolsive
generator.
LA! Los Alamos. DPF-6; 420 kJ.
LA? Los Alamos. DPF-5; 120 kJ.
LA3 Los Alamos. DPF-6: 210 kJ.

M Moscow. Y - 10'Y to 10" DD neutrons; I = 1 MA.



3mMiHa eHeprii xxunBneHHa . ¢. B gianasoHi 10-3 - 1 MX 3amiHIO€E noro
BUXiOHI napamMeTpum:

Buxip HeMTPOHIB 3pocTac i3 30iNbLeHHAM eHepril K KBagpaT
eHepro3anacy abo 4YeTBepTUU CTYMiHb CTPYMY.

Y uboMy CNeKTp HEMTPOHHOro BUNPOMIHIOBaHHA HE 3MiHKETbLCS;

efIeKTPOHHa TeMn-paTa WiNnbHICTb NNa3MuU NPaKTUYHO He 3arexarTb Bif,
eHepro3sanacy,

npote 3i 30ifIbLUeHHAM PO3PAAHOro CTPyMy NPUONN3HO NiHINHO 3pocTae
€Hepro3micT NyyKiB 3apAn. YaCTUHOK Ta Yac YTPMMaHHSA nnasmu ta
3aMarHiYeHuX ioHiB, ToAi AK 00CcAr nyia3amm 30iNbLUYETLCA KBagpaTUYHO 3i
3POCTaHHAM CTPYMY,.



n/pulse (IPPLM, Poland)
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Apparatus

Early and Intermediate Stages of PF Phenomenon

Breakdown and Current Sheath Acceleration Radial Comression

Build-up Phase Phase Phase
outer electrode
{usually cathode)
inner electrode
(usually anode) — —
trigger lvr
pulse

Spark Gap

Condenser

T ™

insulator

alumina High Vacuum Working Gas

Pumping System ({(usually
deuterium)

experimental
- chamber

Final Stages of PF Phenomenon

Plasma Column Creation
and Disruption Phases

N

Neutrons from .'
Spark Gap | D-D Reactions u.,|
N T - ..-.__-"._-.._.. o

Condenser

T ™

02.10.2000 R.
PF - 1000

“




Generator PF-1000

the charging voltage - U, = 20 - 40 kV,
the bank capacitance - C, = 1.332mF,
the bankenergy - E, =266 - 1064 kJ,
the nominal inductance - L, = 15 nH,
the quarter discharge time - T,,, =6 us,

the short-circuit current— I, = 12 MA,

the characteristic resistance - R, = 2.6 m£2,



Electrodes

CE diameter - 226 mm

OE diameter - 400 mm

OE consists 24 rods (diam. 32 mm)
length of electrode - 560 mm

length of insulator - 113 mm

02.10.2000 R.

PF - 1000

CE diameter -226 mm
OE diameter - 400 mm
OE consists 12 rods (diam. 80 mm)

length of electrode - 560 mm

length of insulator - 113 mm



Transportable device: PF-6, 7 kX, 750 KA,
10., n/pulse, weight - 400 Kr)



Transportable device: ING =IDJ0> 4 kx, 400 KA,
2,100 n/pulse, weight - Kr (VNIIA,
Mosc*ow. RuUSSsIa)




Transportable device: PF-10, 10 kx, 450 KA,

8

2.10 DDn/pulse, weight - 150 kr (ITEP, Russia)



Pogtable device: ING-102, 100 :x, 150 kA,
10, n/pulse, weight - 15 xr (VNIIA, Russia)
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TexHonoriyHi 3actocyBaHHA 1P

saXKepena HeUTPOHIB Ta XXOPCTKMX BUNPOMIHIOBaHb A BUPiLUEHHA HU3KU
HayKOBO-TeXH. 3a4ay: MaTepiano3HaBYMx Ta bnaHKeTHUX BUNpoobyBaHb ANA
KepoBaHOro TepMosaaepHOro CUHTE3Y; iMNynbCHOro akTuBauii. aHanisy
KOPOTKOXUBYYMUX i30TOMNIB; HEUTPOHHOI Tepanil;

*HaKayyBaHHSA Na3sepHUX cepeaoBuULL;, BUBYEHHS BUCOKOIOHI3iB. IOHIB;
B3aeMopAii NOTYKHUX NY4KiB i3 Nnasmoro

*BY® niTtorpadin

* iMmnynbcHa ioHHa imnnaHTaudis (MeB)

-duHamivyHa gedekrTockonisa (y pyci: AedreKTu B NOKpULLKaX, By3nax)
‘MeaunuuHa (giarHoctuka, NET Towo, pynHiBHa Tepanif)

‘[MepcnektnBu 3actocyBaHHA NP BusABneHHs npuxoBaHux npeameTis (BB,
HapKOTUKK ToLw0.). HaHOCeKyHAHa iMNynbCHa cuMcTeMa AJi1 ONPOMIHEeHHSA
3anevyaTaHUX KOHTEUHepIB.



Nuclear medicine

During last 2 years we were looking for an opportunity to
use nanosecond powerful neutron pulses of DPF for a possible
low-dose neutron capture therapy of malignant tumors

In our studies we tried to understand whether it would be
possible to use DPF in neutron-capture therapy at all and
probably to have with neutrons the
in. Ol el ) e

?




0.2m x 0.2m x 0.5m

Parameters of TMPF-1 device

PRSL
NSSE, NIE

Fully Integrated System

(Total Weight: ~25kgs )

Main electrical characteristics of FMPF-1 device.

Energy bank capacitance (C)

24uF

Maximum charging voltage (V)

14kV

Maximum stored energy @14kV (E)

2351

Maximum current (under short circuit)

&)

87kA @14kV

Typical operating voltage range

12— 14kV

Eq. circuit inductance U_m)

27+2nH

Eq. circuit resistance (R,)

66+3mQ

Voltage Reversal (k)

33%

Quarter time of discharge (7/4)

~400ns

Maxinum  discharge rate

(DRR)

repetition

0.5Hz

Applications: HXR radiography source
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Rishi Verma, R. S. Rawat. P. Lee, M. Krishnan, S.V. Springham, and T.L. Tan. Miniature plasma focus device as a cbmpac‘t
hard X-Ray source for fast radiography applications, IEEE Transanctions on Plasma Science 38(4), 652-657 (2010).



Applications: Nanophase Soft Magnetic FeCo
Thin Films
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Fig. 5. XRD pattern of the sample on the Sk o0 using

as filling gas.

Fig. 6. HRTEM image of the sample

on the Siyao)
as filling gas and corresponding SAD pattern in the inset.
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-
1112 13 14 15
Grain Size (nm)

on

Fig. 3. The morphological images of the FeCo samples deposited

(a)Si(100), (b) MgO(100), (c) amorphous Al203 substrates, and

(d) the cross sectional view of the sample deposited
using hydrogen as filling gas.

on Si(100)

Z.Y. Pan. R.S. Rawat, R. Verma, I.J. Lin, H. Vo» P ¥ Damanuian D Taa

Applications: High Deposition rate DLC Film
synthesis using FMPF-2

S.V. Springham, T.L. Tan, Miniature plasma
synthesis of soft magnetic FeCo thin films. Pl
(2010).

asic #s0,
.

200 shots

100 shots.

Intensity (a.u.)

20 £ 40 50

26 (degree)

E. Gharshebani, R. S.
Rawat. R. Verma, S.
Karamat, and S. Sobhanian,
Low  energy  repetitive
miniature  plasma  focus
device as high deposition
rate facility for synthesis of

Fig. 5. XRD patterns obtained for DLC films deposited at a distance of sam wing - 4977-83 (2010).
different number of focus depesition shas.

cn

g

Intensily(Counts/sec)

2802
A

iz

I

X,

Fig. 7. De<convelution of the C 15 binding encrgy peak of XPS spectrum of the
depesited with 100 shots, The inset shows the typical XPS Survey spectrum of the

same sampic.

20 s %0
Binding Energy(eV)

DLC thin films, Applied
Surface Science 256(16).
Atomic percentage

No.of shots EGE

10 9589 344 067
20 8996 885 119
0 9334 59 010
100 9212 681 007
200 2155 638 007 f§

Fig. 6. (a) 10. (b) 20, (c) 50, (d) 100 and (e) 200 focus deposition
(g) cross-sectional SEM for 200 focus deposition shots.



